Introduction {#tca13390-sec-0001}
============

The development of immune checkpoint inhibitors (ICIs) has altered chemotherapy treatment for non‐small cell lung cancer (NSCLC) and other malignancies. In recent years, many ICIs have been developed and approved after promising results in clinical trials.[1](#tca13390-bib-0001){ref-type="ref"}, [2](#tca13390-bib-0002){ref-type="ref"}, [3](#tca13390-bib-0003){ref-type="ref"}, [4](#tca13390-bib-0004){ref-type="ref"}, [5](#tca13390-bib-0005){ref-type="ref"}

Pembrolizumab is a humanized anti‐programmed cell death 1 (PD‐1) monoclonal antibody that inhibits PD‐1 from binding to programmed cell death‐1 ligand‐1 (PD‐L1). A phase 3 clinical trial (KEYNOTE‐024), which enrolled untreated high‐TPS NSCLC, revealed that pembrolizumab was more effective in progression‐free survival, overall survival, and a higher response rate than platinum‐based chemotherapy.[4](#tca13390-bib-0004){ref-type="ref"} While drastic clinical benefits have been proven in multicenter analysis, the interaction between ICI drugs and tumors remain unclear in each case. Moreover, in addition to computed tomography (CT) and other noninvasive imaging tools, there are few cases which have continuously observed the antitumor effects directly by bronchoscopy over an extended period of time. In this case, we confirmed the antitumor efficacy of pembrolizumab, not only by CT images, but also directly under long‐term bronchoscope observation.

Case report {#tca13390-sec-0002}
===========

A 75‐year‐old man complaining of dyspnea was referred to our department with complete right atelectasis on chest X‐ray which had been taken at a previous clinic (Fig [1](#tca13390-fig-0001){ref-type="fig"}a). Under bronchoscopy, the lung mass was diagnosed as a squamous cell carcinoma (SCC) originating in the right lower lobe (tumor proportion score; TPS: 90%, cT4N3M0, stage 3C, Fig [1](#tca13390-fig-0001){ref-type="fig"}b--e). For first‐line chemotherapy, carboplatin and nab‐paclitaxel every three weeks were effective for the primary lesion and his right lung atelectasis improved (Fig [2](#tca13390-fig-0002){ref-type="fig"}a). However, due to repeated febrile neutropenia with pneumonia, treatment was changed after three courses of cytotoxic chemotherapy to pembrolizumab monotherapy.

![(**a**) Chest X‐ray on initial visit. (**b**) PET‐CT. (**c**) Bronchoscopic view during diagnostic examination. (**d**) Pathological findings with H&E staining. (**e**) Pathological findings with PD‐L1 staining.](TCA-11-1339-g001){#tca13390-fig-0001}

![(**a**) Chest X‐ray after administration of cytotoxic chemotherapy. (**b**) Bronchoscopic view after administration of cytotoxic chemotherapy. (**c**) Bronchoscopic view after three courses of pembrolizumab administration. (**d**) Bronchoscopic view after 26 courses of pembrolizumab administration.](TCA-11-1339-g002){#tca13390-fig-0002}

Bronchoscopic examination prior to second‐line treatment revealed that residual cancer cells appeared circumferentially at the right main bronchus and a severe stenosis was still present (Fig [2](#tca13390-fig-0002){ref-type="fig"}b). Rebiopsy samples confirmed that TPS was also high. After three courses of pembrolizumab administration, the right main bronchus opened completely and no malignant findings were observed (Figs [2](#tca13390-fig-0002){ref-type="fig"}c and [3](#tca13390-fig-0003){ref-type="fig"}a). Narrow‐band imaging and autofluorescence imaging also confirmed a complete endobronchial response (Fig [3](#tca13390-fig-0003){ref-type="fig"}b--d). Subsequent PET‐CT and bronchoscopic observation showed a stabilized response two years after the first diagnosis and an improvement in capillary vessel distribution in the affected bronchus (Fig [2](#tca13390-fig-0002){ref-type="fig"}d). This complete response lasted after pembrolizumab had been administered more than 30 times, with a grade 2 abnormal thyroid function test reported as the only immune‐related adverse event. Repeat rebiopsy using forceps and a cryoprobe was carried out in the right main bronchus (Fig [4](#tca13390-fig-0004){ref-type="fig"}a) and subsequent pathology revealed no malignant cell recurrence (Fig [4](#tca13390-fig-0004){ref-type="fig"}b), with complete regeneration of the bronchial epithelium (Fig [4](#tca13390-fig-0004){ref-type="fig"}c). Fibroblastic proliferation and infiltration of lymphocytes were observed in the submucosal space (Fig [4](#tca13390-fig-0004){ref-type="fig"}d).

![(**a**) Chest X‐ray after administration of pembrolizumab. (**b**) Bronchoscopic distant view of narrow‐band imaging. (**c**) Bronchoscopic close‐up view of narrow‐band imaging. (**d**) Bronchoscopic autofluorescence imaging.](TCA-11-1339-g003){#tca13390-fig-0003}

![(**a**) Rebiopsy after 30 times of pembrolizumab administration. (**b**) Pathologically, there was no malignant cell recurrence in the cryobiopsy sample. (**c**) The bronchial epithelium had completely regenerated. (**d**) Fibroblastic proliferation and infiltration of lymphocytes were observed in the submucosal space.](TCA-11-1339-g004){#tca13390-fig-0004}

Discussion {#tca13390-sec-0003}
==========

This is the first case report, to the best of our knowledge, to visually investigate the efficacy of an ICI in a NSCLC patient over a two‐year period using bronchoscopy. Recently, ICIs have become common therapy for NSCLC patients to prolong progression‐free survival and overall survival compared to previous systemic chemotherapy treatments. However, due to pseudo‐progression of the tumor sometimes seen on chest CT, it can be difficult to evaluate the efficacy of ICIs.[6](#tca13390-bib-0006){ref-type="ref"}

In this case, we were able to compare the healing process after first‐line cytotoxic chemotherapy and subsequent second‐line ICI therapy. After first‐line administration of cytotoxic chemotherapy, residual cancer cells remained circumferentially at the right main bronchus, and rebiopsy tissue showed high TPS indicating squamous cell carcinoma. Fragile tumor‐related vessels covered the surface of the right main bronchus and bleeding occurred as the bronchoscope made contact with the lesion (Fig [2](#tca13390-fig-0002){ref-type="fig"}b). There are few reports concerning bronchoscopic observation or pathological changes after treatment, except in bronchoscopic rebiopsy cases with *EGFR*‐mutant adenocarcinoma[7](#tca13390-bib-0007){ref-type="ref"} or neoadjuvant ICI/chemotherapy cases comparing major pathological response (MPR).[8](#tca13390-bib-0008){ref-type="ref"} In a recent study, sequential TPS change depended on previous therapies; molecular‐targeted therapy, cytotoxic chemotherapy and radiation therapy.[9](#tca13390-bib-0009){ref-type="ref"}

In contrast, after ICI administration, residual tumor cells diminished and the original bronchial structure was maintained. Under bronchoscopic narrow‐band imaging (NBI), the proliferation of capillary vessels was observed subepithelially (Fig [3](#tca13390-fig-0003){ref-type="fig"}b,c), suggesting a history of previous inflammation due to an invasive mass. Bronchoscopic autofluorescence imaging (AFI) can be useful as it distinguishes the tumor lesion as a magenta‐color.[10](#tca13390-bib-0010){ref-type="ref"} In this case, the bronchial membranous portion showed that the magenta‐color area was linear with a thickened epithelium (Fig [3](#tca13390-fig-0003){ref-type="fig"}d), with no sign of tumor progression or invasion. Repeated re‐biopsy also supported a complete pathological response and tissue regeneration (Fig [4](#tca13390-fig-0004){ref-type="fig"}). We recommend bronchoscopic observation because complete response might predict a durable ICI effect at an invasive location. Even if there is regrowth of the tumor at the stenotic bronchus, bronchoscopic observation will be needed for the adoption of radiotherapy or stent insertion in clinical practice.

ICIs have proven to be effective by inhibiting several steps of the tumor progression cascade.[11](#tca13390-bib-0011){ref-type="ref"} This is especially true for immunogenic cell death (ICD), for the recognition of tumor antigens by T cells.[12](#tca13390-bib-0012){ref-type="ref"} ICD might have been effectively induced in this case, suggesting good compatibility with prior systemic chemotherapy (CBDCA+nab‐PTX). The combination of ICIs plus systemic chemotherapy is expected to have a synergistic effect as reported in recent studies.[13](#tca13390-bib-0013){ref-type="ref"}, [14](#tca13390-bib-0014){ref-type="ref"}

In conclusion, treatment with ICIs can show a drastic bronchoscopic response, as seen in this case where the healing process was notable with minimal scarring. Furthermore, this case has continued to retain locally bronchoscopic and complete pathological response to treatment compared to previous cytotoxic chemotherapy.
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